I. Possibility of electrochemical reaction
In the entire measurement, the electrochemical reaction can be excluded for the following reasons.
First of all, at low temperatures, especially just above the glass transition temperature of ionic liquid, which is approximately 190 K, the activation energy of electrochemical process is significantly suppressed. Supplementary Figure 1a displays the temperature dependent gate current, I Gate , in a MoS 2 -EDLT. I Gate shows an activation-type reduction with temperature, with an activation energy of ~ 0.4 eV. This dramatic reduction of I Gate upon lowering temperature suggests that the electrochemical window is effectively widened 1 . Also, it has been reported that the maximum gate voltage applicable increases from 3 to 5.5 V, simply by decreasing temperature from 300 to 220 K 2 .
Furthermore, to confirm the electrostatic process of ionic-liquid gating, we measured transfer curves of a MoS 2 -EDLT at 220 K. Supplementary Figure 1b shows the source-drain current, I DS , and I Gate as a function of gate voltage between -1 and 6.5 V. Both I DS and I Gate of the device completely returned back to the original values without large hysteresis. This is a strong indication that the ionic-liquid gating is a reversible process, and thus the electrochemical reaction is highly unlikely. 
II. High magnetic field measurements
We performed all the magnetoresistance measurements in a four-probe configuration using a 55 T pulsed magnet with the duration time of 36 ms and a rotator probe at the International Fig. 3a) .) by using the microscopic KLB theory 4 . In this theory,
arising from a monolayer satisfies the following equations, 
2) Rashba SOI
Rashba spin-orbit coupling (SOC) will lock the spin to the in-plane direction, which can enhance the out-of-plane H c2 beyond the Pauli limit 5 . However, for in-plane magnetic fields, most of the electron spins can contribute to Pauli paramagnetism. Therefore, the enhancement of H c2 can be only BCS P 2H 6 . In the present case, H c2 is enhanced by a factor of 4, which is much larger than the enhancement due to the Rashba SOI. Furthermore, according to our calculations, the Rashba SOI is negligibly small in the present system, and thus the pure Rashba SOI effect does not contribute to the enhancement of H c2
3) Quantum critical point
No ordered state (ex. antiferromagnetic state) has been observed in ion-gated MoS 2 system in the vicinity of the superconducting phase. In that narrow sense, ion-gated MoS 2 system has no quantum critical point (QCP), which is known to dramatically enhance the upper critical field 7 .
Thus, the enhancement of H c2 by the QCP can be ruled out.
4) Modified electron g-factor
The enhancement of upper critical fields owing to modified electron g-factor may become effective in the case that the LS coupling of multiple d-orbitals competing with crystal field splitting 5, 8 stabilizes the spin-orbital coupled ground state. In the present system, the conduction band at the Fermi level is composed of only single d orbital ( 2 ) 9 , and therefore, the effect of modified electron g-factor is supposed to be negligible. 
where a is the lattice constant. We determined the hopping parameters t 1 , t 2 , and t 3 , and the and  to the results of band structure calculation,
13 cm -2 , and the ratio of the Rashba-and Zeeman-type SOIs
The last equation relies on the results of ab-intio-based
band calculations that the Rashba-type spin-splitting is at most 2% of the Zeeman-type spin-splitting on the Fermi surface. We defined the Fermi momentum along the K-M line, F k , where
Adopting these parameters, we obtained the band structure in Supplementary Fig. 4 , which matches with 
by using the Matsubara Green function,
. We assumed an attractive Fig. 6 ). Our numerical calculation suggests that the difference between two cases is indeed negligible, and thus the enhancement of the upper critical field due to the FFLO state in our case is negligible by the numerical calculation as shown below, because the Rashba component is extremely small. To discuss the carrier density dependence of H c2 in more detail, we show the theoretically calculated value of the Pauli limit as a function of temperature at different carrier densities and T c as shown in Supplementary Fig. 7 . Here, the Rashba component is fixed at 2% of the total spin polarization, as we find no meaningful change in the behaviour of the Pauli limit for Rashba components less than this value. To calculate the Pauli limit, we have also used the same values of the spin splitting which were obtained by our ab-intio-based tight-binding supercell calculations and estimated from those values. The spin splitting approximately varies from 9 to 15 eV in the range of the carrier density where superconductivity realizes (n 2D ~ 0.6 -1.8 × 10 14 cm -2 ), and, in this regime, the K points are much dominantly occupied. As Supplementary Fig. 7 illustrates, the temperature dependence of the Pauli limit at n 2D = 8.7 × 10 13 cm -2 is similar to that at 1.8 × 10 14 cm -2 , although their carrier densities are much different. This similarity is in good agreement with the experimental result ( Supplementary Fig. 3, a and b) . Combined with experimental data, we concluded that the behaviour of the upper critical field is predominantly controlled by the Zeeman-type SOI and T c in this range of the carrier density. 
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